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Table 1. Comparison of corrective lens delivery systems across five categories.
The Problem
• Uncorrected refractive error (URE) remains a major cause of preventable vision 
impairment in the pediatric population with large inequities in disease burden.
• In children globally, the estimated pooled prevalence (EPP) of myopia, 
hyperopia, and astigmatism was 11.7% (95% CI: 10.5–13.0), 4.6% (95% CI: 
3.9–5.2), and 14.9% (95% CI: 12.7–17.1), respectively.2
• In the region of The America’s (marked Red in Figure 1.) the EPP of 
astigmatism in children was more than double the global average (27.2% vs 
11.7%) and the EPP of hyperopia was nearly three times greater than the global 
average (14.3% vs 4.6%).2
• The America’s do not have enough providers to meet the demand. Fricke et al. 
2012 estimates that an additional 6,038 clinical refractionists are needed to 
meet demand, a 24.3% increase based on 2012 estimates.1
• Other regions are in worse positions. The African region (marked Blue in Figure 
1.) would require an estimated 10,138 additional clinical refractionists, a 300% 
increase. Southeast Asia requires an estimated 274% increase.
• The incidence of refractive errors is much greater in children of lower income 
communities where comprehensive visual exams may be skipped or delayed.
• Regions with lower incomes correlate with regions where refractionist coverage 
is most needed.
• While solutions exist to provide refractive error correction to these areas, many 
only provide correction of simple myopia or hyperopia leaving those with 
astigmatism receiving less than adequate care.
Conclusion
While corrective lenses are made available through a variety of distribution 
models, infrastructure to fit and deliver these glasses to remote and resource poor 
areas remains a major challenge leading to inequities in URE treatment. Of 
particular concern is that areas which are disproportionately affected by 
astigmatism have some of the lowest coverage in refractive error care. Our design, 
which can account for astigmatism correction, aims to overcome these issues. The 
flexibility of our design allows our glasses to be distributed in rural and urban 
environments alike, with minimal training required to fit and assemble, at a fraction 
of the cost of conventional glasses.
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The present study aims to elucidate the global burden of pediatric uncorrected 
refractive error (URE) and explore the current lens delivery systems which address 
this problem. Within this framework, we introduce a new model of corrective lens 
delivery that may improve upon existing models.
Objective
Methods
Extensive literature review of epidemiological data to determine the global 
prevalence of URE. Prevalence data was then compared against WHO data on 
refractionist coverage gaps divided by region. Four current models for corrective 
lens delivery to these regions, plus our newly proposed model, were compared 
across five general categories (Fit, Appearance, Pathologies Corrected, Cost to 
Patient, Distribution System).
Some Existing Solutions
System A: Glasses manufactured on site. Frames are constructed on site using 
steel wire and a machine for bending wire into the proper shape. Training is 
provided to run machine. Pre-cut plastic Lenses are fit into the wire frame6.
System B: Donated kits assembled on site. Kits which include pre-made frames 
and lenses are sold to outreach/volunteer groups who travel to locations of need. 
Basic equipment for visual acuity testing is included to allow non-medical personnel 
to match prescriptions with minimal training7.
System C: Used glasses are donated, refurbished and redistributed to non-
medical/volunteer groups who perform acuity testing and redistribute the glasses8.
System D: Conventional brick and mortar opticians with trained personnel for 
diagnosis of refractive error and sales floor for frame selection and fitting. This is the 
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New Solution (System E)
Design Features
1. Adjustable Head Strap eliminates the need for ear loops allowing fit for persons 
with ear deformities (ie microtia).
2. Circular lens mounts allow for 360 degrees of rotation at 5 degree intervals to 
allow for any astigmatism axis.
3. Beveling inside lens mounts allows for lenses to be easily popped in but remain 
securely in place.
4. Adjustable nose bridge that slides to accommodate for any interpupillary 
distance.
5. High quality 3D printed materials allow for cost effectiveness without sacrificing 
durability.
6. Multiple color options allows for patient choice and improved adherence.
Background
Refractive errors refer to the altered bending of light as it enters the visual field as a 
consequence of abnormal orbit shape. Errors in refraction represent the highest 
proportion of visual deficits worldwide with the four most common types including 
myopia, hyperopia, astigmatism, and presbyopia. According to the World Health 
Organization, an estimated 12.8 million children worldwide have a visual impairment 
related to a refractive error. An error in refraction is usually diagnosed in childhood 
during a routine eye examination. While refractive errors cannot be cured, they can 
be reasonably managed without much compromise to a patient’s quality of life. 
Management of refractive errors include prescription glasses, LASIK surgery, or 
visual rehabilitation for severe cases. The effectiveness of such management is 
highly dependent upon the timing of intervention, with an earlier intervention being 
strongly associated with favorable patient outcomes. Delayed or uncorrected 
refractive errors in children are associated with progressive visual impairment 
resulting in amblyopia, blindness, learning disabilities, developmental delays, and 
depression. 
Figure 1. Map of the world divided by WHO regions.
